US011042104B2

12 United States Patent

Mochizuki et al.

US 11,042,104 B2
Jun. 22, 2021

(10) Patent No.:
45) Date of Patent:

(54) IMAGE FORMING APPARATUS THAT SETS (56) References Cited
PERIPHERAL VELOCITY RATIOS
U.S. PATENT DOCUMENTS
(71) Applicant: CANON KABUSHIKI KAISHA, |
Tokyo (IP) 7,317,889 B2 1/2008 Suzuki
9,946,188 B2 4/2018 Noguchi
(72) Inventors: Masataka Mochizuki, Mishima (JP); (Continued)
Keitaro Nakata, Suntou-gun (JP) | |
FOREIGN PATENT DOCUMENTS
(73) Assignee: CANON KABUSHIKI KAISHA,
Tokyo (IP) JP 2017173460 A 9/2017
( *) Notice: Subject to any disclaimer, the term of this OTHER PUBLICATIONS
patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days. Office Action 1ssued 1n U.S. Appl. No. 16/565,956 dated Feb. 25,
2020.
(21) Appl. No.: 16/934,644 (Continued)
(22) Filed: Jul. 21, 2020
Primary Examiner — William J Royer
(65) Prior Publication Data (74) Attorney, Agent, or Firm — Rossi, Kimms &
US 2020/0348612 A1~ Nov. 5, 2020 McDowell LLP
Related U.S. Application Data
(63) Continuation of application No. 16/565,956, filed on (57) ABSTRACT
Sep. 10, 2019, now Pat. No. 10,754,273 An image forming apparatus includes an image bearing
_ o o member, a developer bearing member, a driving unit, a latent
(30) Foreign Application Priority Data image forming unit that forms an electrostatic image having
Sep. 14, 2018 (IP) TP2018-172075 light area potential and a dark area potential, and an appli-
Aﬁg 2’ 7019 (“J) """"""""""""""" TP2019-143084 cation unit that applies a developing bias. The driving unit
7 O drives the 1mage bearing member and the developer bearing
(51) Int. CL me{llber in a first ‘periphera;. speed rati0 apd a second
G03G 15/00 (2006.01) peripheral speed ratio larger than the first peripheral speed
G03G 15/02 (2006.01) ratio. The 1mage forming apparatus further includes an
(Continued) acquiring unit acquiring information related to a change 1n
(52) U.S. CL an electrostatic capacitance of the image bearing member
CPC G03G 15/045 (2013.01); GO3G 15/0266 and a determining unit determining a developing contrast
(201301) G03G 15/50 (5201301) GO03G ElCCOI'diIlg to the electrostatic CElpElCit&IlC@. The determining
’ 2927/0005 (2613_01) umt determines the developing contrast based on the
(58) Field of Classification Search acquired information when the driving unit drives the image

CPC ............. GO03G 15/065; GO3G 15/5008; GO3G
15/5045; GO3G 15/75; GO3G 21/20;
G03G 21/203

(Continued)

bearing member and the developer bearing member 1n the
second peripheral speed ratio.

10 Claims, 9 Drawing Sheets

205




US 11,042,104 B2

Page 2
(51) Int. CL
GO03G 15/045 (2006.01)
G03G 15/08 (2006.01)
(58) Field of Classification Search
USPC s 399/26, 44, 55, 167

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

10,754,273 B2* 82020 Mochizuki et al. ... GO3G 15/50
2017/0277068 Al 9/2017 Naito

OTHER PUBLICATIONS

Notice of Allowance 1ssued 1n U.S. Appl. No. 16/565,956 dated Apr.
22, 2020.

* cited by examiner



US 11,042,104 B2

Sheet 1 of 9

Jun. 22, 2021

U.S. Patent

61¢

LI

I DId

LO¢

ACLC L1¢

~—0E¢
0¢¢

Gl



US 11,042,104 B2

Sheet 2 of 9

Jun. 22, 2021

U.S. Patent

208

204

»

O
-
N

v N
¥y ¥
{ g o N
C AR o "R
N = L L 0w oA
AL T I S S T
A B U N I
J M A A 4 O WA R
- F N 4 ¥
= l._-u #1.—1.__.:_1..___.......__._;-_ x &
¥ % % W A F A F F yp & ¥ % oR YK A
+« A A F A F F oy oo ooy A
w w4 A N4 A gy e oy F e &N
LT T S A L Y I B . .
L L . R T I R S S T "N N N R N
v v R W A 4 & R gy kg N W

¥ F B F %" %M WS A RSy RSV v oA
s % % W w & 3 & A g JF g g oy ox b W

' N B U N T D R A O I R R

# F % & ® ¥ o 0w L LY Ly Fow 4N P Lom

% A & & A4 B F p Ey o WA A e RE
d £ % % #& oA & & @ ap 0w Wk o &£ = & &4 & @ 4
W 5L o8 woBk 4 xR op g ph R ok

v 4 &£ &k &L & & B A& p p g v 4 = 3 4+ A #
T % % % A A r % Sy o owhn o D

* 2 w % 4 & &% F F S F ooy s h oAt LA AR L p
s Fu o R MW % A M F A F w8 W W N AP Py

w S K g Ry W R m N L F oA F g gy 4% wWE 4 oAa aa K
T A R R T L I I "R T U N
A B A A og @y o R R A A g oy o oY kA S
R IR A L T N T T U T R N R N A R R S R R N R L W N

2 Mg B d Ok B R R K ABA S S F o F kW K o mRE BN
*F 4 4w » 4 x ¥y b =g O 7 4 8 ¥ 4 F p v

PR A U T T R T R S A B Y R TR T Y
® & 4 & % bk w Fx 0 4 4 a2 % ARA T
B & w 5 # & NHow 4 4 4 = n ¥ A
*»* R R pod oy L oA W &g
F F Y 4 4 4 A F b A
v o7 4 A *
o & W A

305

FI1G. 2



U.S. Patent Jun. 22, 2021 Sheet 3 of 9 US 11,042,104 B2

b
o

yARO) OILINO
72 (o01v) soshin orny a0k, (3018) adar

304Y : 4C 4K >201K) 202K
O TR T [

.‘
- .
|




U.S. Patent Jun. 22, 2021 Sheet 4 of 9 US 11,042,104 B2

2.0

l 6 den s mis s el bes s slousk el s s sis sh ael e S sie osls =
B

i Pl e ey W W wk

lﬁ-.-.l-lf-l..—-qn

dm ain sz ssh s de de =l mk des S s sk esh e dw Sn =k sk b s

b
|
I
J
J
J
b
I
1
'
J
]
}
I
I
k
b
|
r
J
}
b
[
J
r
¥
|
|
f
'
b
b
|
I
r
}
I
I
]

.
.

;
’
}
!
[
r
!
+
k
]
r
}
)
[
)
’
}
}
r
I
)
}
I
k
;
’
b
}
I
f
’
b
h
L
r

N

it e W el

¥
i
i
f
3
Y
}
i
i
1
}
3
i
I
¥
¥
4
i
i
)
}
-

1 Sl owelt Bk ey e ol e ek B oW e e el Wen e e e kel e aBy

12

1 D Frdr rith wiie cHh B el P i el b e DR W A B R e rille rll m e da Fin o de A e e A e R e e e R et R
-

0 8 e wTa T et e "Ee w™a TR Bt B e e e s e ﬁﬂhﬁw{-.ﬂhﬂﬂ'ﬁh-ﬂhﬁlﬂ.h“.ﬂhﬂﬂb Tor 2™ wR et B Em TR
»

G 6 -l et e e s st BT et e S P R e e e Y
L |

0 4 Hnir ny e g ik Seic A, wik i B A gl g gk b B b gl g
=

0I2

0.0
0.0E+00 2.0E-03 4.0£-03 6.0E-03 8.0E-03

TONER AMOUNT ON SHEET [kg/m?] i

ﬁm#ﬂﬂﬂ»}ﬂhﬂhﬂmﬂ%ﬂ

L e o

;
4
i
¥
¥
3
E
3
4
3
b
i
i
T
4
4
H
4
¥
L
¥

4
i
4
¥
i
3
i
F
¥
¥
3
H
4
t
¥
3
;
i
¥
b
¥
}
3

DENSITY

1
i
§
i
¥

r
’
i
}
!
'
i
)
)
K
¢
!
’
)
}
r
'
’
)
!
L)
’

-t e e T R ™ T M e e ek T T AR SR ™ e e M s s

f
J
3
§
L
/
’
A
}
t
f
;
’
A
[
'
;
’
;
¢
t
}
A
A
f
;
}
b
(
t
}
}
3
A
r
/
’
}
1
[
'
J
4

ﬂﬂmmmwwwﬁ

| S

!
¥

e i, gl byl il Sae Sa gl g Bem By gl S il Sk Em Sy ol wE e A A 'k el Sne Nep gl R dmk T S g ek wE By Em R R b Nex

|

iy oyl g e ek e e ol ke G By B gk Mgk Ee e g wE by

a ke ke

B opry ek ey e e i ek Wy sl e A b e B el drdh Bl e o o ek gl e e W e ey ek e ol e rdh ey b0 S wads ph e bk ol B e b W A bk B b e el s R W s

o hm e e an an o wan e B o msu s ol e e b s e s s drr o a wumab a amara  D oa -
3
!
)
)
!
!
i
i
)
}
L
)
’
!
}
!
i
/
i
}
r

i
i
- .-
¥
i
i
H
¥
¥
¥
i
i
3
¥
$
i
i
L
¥
*
i
}
¥
¥
x

il Pie bl

F1G. 4



U.S. Patent Jun. 22, 2021 Sheet 5 of 9 US 11,042,104 B2

ELECTRIEL
CATION |

CHARGE

AMOUNT

[

|

N

"
|

N
L] ] i
1 : L |

L

[ |
} 3 : .
4 3 1 q
X |
A . y

4 *

| ; i

[ ]
L § [ | |
% " |
) 1 " H
k " " q
b i i ;

e - ey W " i 'y ow Tty mcr Ty oy "‘b"'\l'-i"'r'l'-*‘

PUST-BLAUK POST-NO POST-BLACK
TONER FONER TONER

A B

FIG. S



U.S. Patent Jun. 22, 2021 Sheet 6 of 9 US 11,042,104 B2

M/S ON

DRUM
[kg/m?]

| SR A

1 11

0.0E+00 +—— b
100% 150% 200% 250%

PERIPHERAL VELOCITY RATIO

F1G. 6A

3.0E-0.4

o

r

T

!
1 b
[ I
i )
i 1
B.0E-0.4 L omeimrmmmms b e
w n ‘
b, i
!

‘el

i
r- t

¥
|-

2‘5 r

PHOTOSENSITIVE ; ,
[C/m?] E

-
il
jriin
L
= X
) ]
¥
n ] L
P
i

L
) r
O SE_O 4 et M R e M o e ML g, WR Met L W, G M WS e M oS et ML Lt Mt S W S R WR R M R TR R ML wE MR S Wl S M N M R R L nR el ML WL R M ML RS R e R R e e e e owe e el
- " ' i
L
L
!

O_OE+OO . ! ! L ! i | L I L i ; ; l ; ;
100% 150% 200% 250%

PERIPHERAL VELOCITY RATIO

F1G. 6B




U.S. Patent

~ = = = DEVELOPING CONTR

i 3 ( b % X . 1 »
L H ¥ b » b ‘ 4 *
4 A b t : 4 . b .
3 0 > ! : 1 ! : ]
""{}%, R ""EF { 4 by t % £ ! } .
{ _.-*‘L {3 g ; ' < N ) \ . h ' 3
D om o oem w i by 3 { * ] b by 5 ]
AMOUNT Q S R S S S r
A b b - : : ‘ } ) ! 2 ‘ 3 .
- 4 > t : 1 . ¥ T
3 % : I ' { 1 < 3
¥ 4 ¥ ¥ b 4 %
i
% 3 ' ¥ ! 3 < "~ .
: \ } ) : i ' 3 :
$ 4 ] § i { . ! ;
i X T N » % * i i b
> b N L ¥ ¥ i )
- il iinint-C e it Ll R R P e ome e W e Gl T o o e oA oo e e owe e mm e
! | b4 5 : T ! by ! £
i { : ! ’ ¢ . : . v
-'l'-"'"I'-‘j'I'I-F! "I"'I""‘INL!!'I"I"I""I""-"E ﬂﬂﬂﬂﬂ tﬂl‘l"""ﬂ"""i ﬂﬂﬂﬂﬂ “I"\ ﬂﬁ"rf:ﬁﬂﬂﬁ'fiﬂﬂﬁﬁ'f:"lﬁh""’jl
Py ¥ 3 i L A 5 b i ' "
"""'".t.-._ ' { 4 ¥ } H 4 i »
T ' t ; X i , : :
- [ --:-..l T |-'h- -._;'-. ":- [ --_r-u- Y 'th - ....{-u [ -:.n- 4.}. - - - ‘E
¢ ¢ =y ! ; { ' ) :
r 1 Fy i & ' by { .
- W g g Sy By Tl e g gy Ey ,‘“\Fﬁ'ﬁ'th“hﬁﬁﬁ'*w'ﬂﬂﬂ' vvvvv T Wt o gm i i ol L T T Al R I >
¥ ! ¢ ’ ""'i. 1 : A , '
: i > 5 : e ,,__ul ‘ > : 11.’
_— R T m . A I PSRN N SR |, . N wr e b oA a R S -
; : r ! : PE s T : : ;
) 3 { i . y 3 { ' .
" H { * » } 4 e " »
- M me R N amlam m B R m .i\.-.-.r-.ln.-'} mmmmm t.hﬁwvv-bﬁhvvuq.ﬂhwvvhﬁhvv-fﬁ“h-h-vhﬁh!ﬂvq.
' . b t : { . : s A
: ‘ 2 ! : { ' 2 "h‘
i b y § ¥ } N ! A
B S ST TR B B S W T T T TT T T - o T T T TS
¥ s L } L 4 : . !
i N b t ! i v M : 'Y
3 1 i ! : 4 ! } .
3 3 ] 4 ¥ ¥ by 4 ]
¥ Fy n b ] 4 1

Jun. 22, 2021

CHARGE AMOUNT: Q@

FILA THICKNMENS OF

Sheet 7 of 9

|

AT AV {BETWELEN 1.3 fgm’ AND 24 {g/m' i)

1S

PHOTOSENSITIVE PRUM & M M

FiG. 7

e Wy Rt W WE o, Wy N et

e s e W N

™ s S T

" & oW

L EIL I R L R

L B e T L L L W o B L

US 11,042,104 B2

1"#"

DPEVELORING
(OINTHAST

AV V]

- 600 (~700)
- 200 (-0l

- $ 500 (~800)

~450 (-550)

4 400 (-500)

- 350 {-450)

o4 300 (~400)



US 11,042,104 B2

Sheet 8 of 9

Jun. 22, 2021

U.S. Patent

m:\ﬁ ONS w
I R — ,, e R e H ﬁﬁﬁﬁﬁﬁﬁﬁﬁ
NOILYH3dO NOILYHIdO NOILYHIdO NOILYHIdO
LIT71 ONINHO4 IDOVAI LEVLS ¢I17 | ONINNOL IDVWI LHVIS ZIT7 1  ONIANYOL IOV LEVIS 6011 ONINYOL IDVINI LHVIS
JAON TYINHON JA0ON ALISNIQ-HOIH JQOW ALISNIAT-HOIH JQOW ALISNIQ-HOIH
011 TR prps]  TORATSETIOR | g TORABRET o] 300N Ausnacon |
1 i 1
ININNOHIANT ALIQIANH LNINNOSIANT ALIGIANKH A ‘_.._u.m_w_aﬁzm.ﬂwﬂwZ
-MOTANY IHNLYHISNTL “HOH ANV 2HNLYE3dNTL ANY MO LY TN
c1T -“MOT 40 MO¥ INO¥ A 01T “HOIH 40 MOH Q¥4 LOT- ] TYNHON 40 MON NOM-
SYIg ONIJOTIAIA LDA13S SYIg ONIJOTIAZIA LOF13S V19 ONIAOTAAIT | 9T19S

PV

A

S\

Ve > INJINOC

NI SION
4111058V

SSA

ON

¢S 1 <AINZLINGO

JENLSION
1171088V

S3 A

ON

e ALISNAG T

ON qw.ﬂﬂ{ ISVIUONI
~%

JAON
ONINYNOS 3OVINI LOT T3S |

+

c01-
NNYEA 40 SSIANMDIH |
NI LYINDTIVD |

NE\_ .

LAVvLS w

101




U.S. Patent Jun. 22, 2021 Sheet 9 of 9 US 11,042,104 B2

Y 304K

3{}:@?’ _ S{MM : DOTK
m‘ \JU2Y m' ' A OL’C QQQK
307Y 307M \ f 307K

700

FiG. 9



US 11,042,104 B2

1

IMAGE FORMING APPARATUS THAT SETS
PERIPHERAL VELOCITY RATIOS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an 1mage forming appa-
ratus such as a copying machine, a printer, and a facsimile.

Description of the Related Art

Conventionally, as an 1mage forming apparatus such as a
laser beam printer, an 1n-line color 1image forming apparatus
including a plurality of 1mage forming stations 1 which a
plurality of photosensitive drums as an image bearing mem-
ber are arranged in a rotation direction of an intermediate
transier member 1s known. In the image forming apparatus,
an electrostatic latent 1mage created on each of the photo-
sensitive drums 1n the plurality of image forming stations 1s
developed as a developer image by a developing device and
1s primarily transferred to the intermediate transfer member.
This primary transier process 1s repeated similarly in the
plurality of image forming stations whereby a full-color
developer 1mage 1s formed on the intermediate transfer
member. Subsequently, the full-color developer image 1s
secondarily transierred to a recording material, and the
tull-color developer 1image 1s fixed to the recording material
by a fixing unit.

In the developing device, a developing roller that blocks
an opening of a developer container that mainly stores a
developer 1s provided 1n a state 1n which a portion thereof 1s
exposed to the outside. Moreover, 1n the developing device,
a developer supply roller that supplies a developer to a
developing roller and a developer regulating blade that abuts
on a surface of the developing roller to regulate the amount
of a developer conveyed by the developing roller to a certain
amount are provided.

When the developer adhering to the surface of the devel-
oping roller passes between the developer regulating blade
with the rotation of the developing roller, a surplus devel-
oper 1s removed from the surface of the developing roller
and 1s returned to the developer container, and a thin layer
of developer 1s formed on the developing roller. At the same
time, triboelectric charge (hereinaiter referred to as “tribo-
charge™) 1s applied to the developer due to friction against
the developer regulating blade, and the tribo-charge moves
from a portion of the developing roller exposed from the
developer container onto an electrostatic latent image
tormed on the surface of the photosensitive drum rotating 1n
a state of opposing the developing roller to form a developer
image.

A developer which 1s not used 1n a developing region and
remains on the developing roller 1s scraped by mechanical
friction between the developing roller and the developer
supply roller. At the same time, a developer 1s supplied from
the developer supply roller to the developing roller and the
developer scraped by the developer supply roller 1s mixed
with a developer inside and around the developer supply
roller.

In recent years, in order to obtain an 1mage having a richer
density width or tint width as an 1image created by the image
forming apparatus, 1t 1s desired to increase the image density
and extend tint. In order to attain the object, a technology of
increasing the amount of a developer supplied to the pho-
tosensitive drum using a mode in which a peripheral velocity
ratio of the photosensitive drum to the developing roller 1s
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2

changed as means for realizing a high density and an
extended tint 1n addition to a mode for obtaining an ordinary
image density 1s proposed. Japanese Patent Application
Laid-open No. 2017-173460 discloses a method 1n which, 1n
a configuration 1 which motors for driving developing
rollers are each independently provided so that one motor
corresponds to one color, when a peripheral velocity ratio 1s
increased, a developer remains on the developing roller
when a developer 1s developed from the developing roller to
the photosensitive drum.

The method disclosed i1n Japanese Patent Application
Laid-open No. 2017-173460 has a mode in which the
amount of a developer supplied to the photosensitive drum
1s increased by increasing the peripheral velocity ratio of the
photosensitive drum to the developing roller 1n order to
realize a high density and an extended tint. In this mode, the
developer remains on the developing roller when a devel-
oper 1s developed from the developing roller to the photo-
sensitive drum. However, 1n a site where users actually use
an 1mage forming apparatus, 1t was found that due to a film
thickness change of the photosensitive drum, an environ-
mental change, or the like, for example, a difference in
tribo-charge of post-no toner and post-black toner increased,

and defects such as a developing positive ghost or density
unevenness occurred.

Patent Literature 1: Japanese Patent Application Laid-
open No. 2017-173460

SUMMARY OF THE INVENTION

The present 1invention provides an 1mage forming appa-
ratus comprising:

an 1mage bearing member;

a developer bearing member configured to develop an
clectrostatic 1image formed on the image bearing member
using a developer;

a driving unit configured to drive to rotate the image
bearing member and the developer bearing member while
individually changing peripheral velocities of the image
bearing member and the developer bearing member;

a latent 1mage forming unit configured to form an elec-
trostatic 1mage on the 1mage bearing member by forming a
light-part potential and a dark-part potential 1n the 1mage
bearing member; and

an application unit configured to apply a developing bias
to the developer bearing member,

wherein the image forming apparatus i1s configured to
transier a developer image borne on the image bearing
member to a recording material to form an 1mage on the
recording materal,

wherein the driving unit 1s capable of driving the image
bearing member and the developer bearing member 1n a first
peripheral velocity ratio which 1s a ratio of a peripheral
velocity of the developer bearing member to a peripheral
velocity of the image bearing member and in a second
peripheral velocity ratio that 1s larger than the first peripheral
velocity ratio,

wherein an electrostatic capacitance of a portion of the
image bearing member 1s designated as C, the portion 1s
supplied with the developer borme on the developer bearing
member,

a developing contrast 1s designated as AV, the developing
contrast being a potential diflerence between the light-part
potential and the developing bias,

a charge amount per unit area of the developer borne on
the developer bearing member 1s designated as Q/S, and
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the peripheral velocity ratio 1s designated as Av, the
peripheral velocity ratio being the ratio of the peripheral
velocity of the developer bearing member to the peripheral
velocity of the image bearing member,

the first peripheral velocity ratio 1s set so that a relation of
1Q/SxAVI<ICxAV]| 1s satisfied, and

the second peripheral velocity ratio 1s set so that a relation
of |Q/SxAvVI>|CxAV]| 1s satistied,

wherein the image forming apparatus further comprises a
first acquiring unit configured to acquire mmformation indi-
cating a change 1n the electrostatic capacitance and a setting
unit configured to set the developing bias according to the
clectrostatic capacitance, and

wherein the setting unit sets the developing bias on the
basis of the information acquired by the first acquiring unit
when the driving unit drives the 1image bearing member and
the developer bearing member 1n the second peripheral
velocity ratio.

The present invention also provides an image forming
apparatus comprising:

an 1mage bearing member;

a developer bearing member configured to develop an
clectrostatic 1image formed on the image bearing member
using a developer;

a driving unit configured to drive to rotate the developer
bearing member;

a latent 1mage forming unit configured to form an elec-
trostatic 1mage on the 1mage bearing member by forming a
light-part potential and a dark-part potential 1n the image
bearing member; and

an application unit configured to apply a developing bias
to the developer bearing member,

wherein the 1mage forming apparatus 1s configured to
transier a developer 1mage borne on the image bearing
member to a recording material to form an 1mage on the
recording matenal,

wherein the driving unit 1s capable of driving the devel-
oper bearing member 1n a first peripheral velocity ratio
which 1s a ratio of a peripheral velocity of the developer
bearing member to a penpheral velocity of the image
bearing member and a second peripheral velocity ratio that
1s larger than the first peripheral velocity ratio,

wherein an electrostatic capacitance of a portion of the
image bearing member 1s designated as C, the portion 1s
supplied with the developer borne on the developer bearing
member,

a developing contrast 1s designated as AV, the developing
contrast being a potential diflerence between the light-part
potential and the developing bias, a charge amount per unit
area ol the developer borne on the developer bearing mem-
ber 1s designated as Q/S, and

the peripheral velocity ratio 1s designated as Av, the
peripheral velocity ratio being the ratio of the peripheral
velocity of the developer bearing member to the peripheral
velocity of the image bearing member,

the first peripheral velocity ratio 1s set so that a relation of
|Q/SxAv|=|CxAV]| 1s satisfied, and

the second peripheral velocity ratio 1s set so that a relation
of 1Q/SxAvI>ICxAV] 1s satistied,

wherein the image forming apparatus further comprises a
first acquiring unit configured to acquire mmformation indi-
cating a change 1n the electrostatic capacitance and a setting
unit configured to set the developing bias according to the
clectrostatic capacitance,

wherein the setting unit sets the developing bias on the
basis of the information acquired by the first acquiring unit

5

10

15

20

25

30

35

40

45

50

55

60

65

4

when the driving unit drives the image bearing member and
the developer bearing member 1n the second peripheral
velocity ratio,

wherein the image forming apparatus comprises a plural-
ity of pairs of the image bearing member and the developer
bearing member, and

wherein the dniving unit drnives the developer bearing
member included in the plurality of pairs by common
control.

A difference in tribo-charge of post-no toner and post-
black toner can be suppressed by controlling a developing
contrast according to a film thickness change of the image
bearing member or an environmental change in the appara-
tus when an 1mage 1s formed while increasing a peripheral
velocity ratio of the image bearing member to the developer
bearing member as compared to a normal peripheral velocity
ratio so that a residual toner to which charge 1s applied after
developing 1s formed on the developing roller after devel-
oping.

Further features of the present mvention will become

apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of an image forming
apparatus according to Embodiment 1.

FIG. 2 1s a schematic diagram of a process cartridge
according to Embodiment 1.

FIG. 3 1s a schematic diagram illustrating a portion of the
image forming apparatus according to Embodiment 1.

FIG. 4 1s an explanatory diagram of a toner amount and
a toner density on a sheet according to Embodiment 1.

FIG. 5 1s an explanatory diagram of development accord-
ing to Embodiment 1.

FIGS. 6A and 6B are explanatory diagrams of a peripheral
velocity ratio and a toner state on a photosensitive drum
according to Embodiment 1.

FIG. 7 1s an explanatory diagram illustrating a relation
between a film thickness and a charge amount of the
photosensitive drum according to Embodiment 1.

FIG. 8 1s a flowchart of Embodiment 1.

FIG. 9 1s a schematic diagram illustrating a portion of an
image forming apparatus according to Embodiment 2.

DESCRIPTION OF TH

EMBODIMENTS

(Ll

Hereiatter, modes for carrying out the present invention
will be described 1n detail on the basis of exemplary embodi-
ments with reference to the drawings. Dimensions, materi-
als, shapes, relative arrangements, and the like of compo-
nents disclosed in the embodiment are to be changed
appropriately depending on various conditions and a con-
figuration of an apparatus to which the present invention 1s
applied. That 1s, the scope of the present mnvention 1s not
limited to the following embodiments.

Embodiment 1

An 1mage forming apparatus of the present embodiment
has two 1mage forming modes including an 1image forming
mode A for obtaiming a normal image density and an image
forming mode B for changing a peripheral velocity ratio of
a photosensitive drum as an 1image bearing member to a
developing roller as a developer bearing member to obtain
a high density and an extended selection range of tint. In the
respective 1mage forming modes, particularly, under condi-
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tions for forming a solid-black 1image, the rotation velocity
ratios (peripheral velocity ratios) of the photosensitive drum
to the developing roller are diflerent. In the 1mage forming
mode A, an entire toner on the developing roller 1s devel-
oped on the photosensitive drum by a developing contrast
tformed by a potential of an electrostatic latent image formed
on the photosensitive drum and a developing bias applied to
the developing roller. In the image forming mode B, the
peripheral velocity ratio of the photosensitive drum to the
developing roller 1s increased and the amount of toner
supplied from the photosensitive drum to the developing
roller 1s 1increased. An electrical gradient generated due to
the developing contrast 1s reduced or cancelled by the charge
of a charged toner on the developing roller whereby a
portion of the toner on the developing roller remains on the
developing roller without being moved to the photosensitive
drum.

Image Forming Apparatus

An 1mage forming apparatus according to the embodi-
ment will be described using an electrophotographic system
as an example with reference to FIG. 1. FIG. 1 1s a schematic
cross-sectional view ol an 1mage forming apparatus 200
according to the present embodiment. The 1image forming
apparatus 200 of the present embodiment 1s a full-color laser
printer which employs an in-line system and an intermediate
transter system. The image forming apparatus 200 can form
a full-color 1image on a recording material (for example, a
recording sheet, a plastic sheet, a fabric, or the like) accord-
ing to 1mage information. The 1image mmformation 1s input
from a host device (not illustrated) such as an 1mage reading
device connected to the image forming apparatus 200 or a
personal computer communicably connected to the image
forming apparatus 200 to a CPU 215 provided 1n an engine
controller 214. Moreover, control targets of the image form-
ing apparatus 200 are connected to an input/output interface
(I'F) 230 of the engine controller 214. The CPU 215 mnputs
and outputs information to control targets via the put/
output I'F 230. Moreover, the CPU 215 deploys and
executes various programs stored m a memory 220 to
execute various operations to be described later.

The 1mage forming apparatus 200 has first, second, third,
and fourth image forming stations SY, SM, SC, and SK {for
forming i1mages ol the respective colors of yellow (Y),
magenta (M), cvan (C), and black (K), respectively, as a
plurality of image forming units. Here, the image forming
station includes a process cartridge 208 and a primary
transier roller 212 disposed on an opposing side with an
intermediate transier belt 205 disposed therebetween. In the
present embodiment, the first to fourth 1mage forming units
SY, SM, SC, and SK are disposed 1n a line in a direction
crossing a vertical direction. In the present embodiment, the
configurations and the operations of the first to fourth image
forming units are substantially the same except that the
colors of 1mages formed are different. Therefore, when a
particular distinction is not required, the subscripts Y, M, C,
and K added to the reference numerals to indicate the color
of the corresponding component will be omitted, and the
image forming units will be described collectively. A black
process cartridge which 1s frequently used may have a larger
size than the other process cartridges.

The process cartridge 208 1s detachably attached to an
image forming apparatus body (heremafiter referred to as an
apparatus body) via a fixing unit such as a mounting guide
and a positioning member provided in the apparatus body.
Here, the apparatus body 1s an apparatus component part
excluding at least the process cartridge 208 from the com-
ponents of the image forming apparatus 200. A developing
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umt 204 to be described later may solely be detachably
attached to the apparatus body. In this case, an apparatus
component part excluding the developing unit 204 from the
components of the image forming apparatus 200 may be
referred to as the apparatus body.

The 1mage forming apparatus 200 includes four drum-
type electrophotographic photosensitive members (that 1s,
photosensitive drums) 201 arranged 1n parallel 1n a direction
crossing a vertical direction as a plurality of 1image bearing
members. The photosensitive drum 201 is driven and rotated
by a motor driving unit as a dnving umt (a driving source)
in the direction indicated by arrow A (clockwise direction).
A charging roller 202 1s a charging unit that uniformly
charges the surtface of the photosensitive drum 201. A
scanner unit (an exposure device) 203 1s an exposure unit
that radiates a laser on the basis of 1image information to
form an electrostatic 1image (an electrostatic latent image) on
the photosensitive drum 201 and includes a number of lasers
217 corresponding to the number of photosensitive drums
201. The developing unit (a developing device) 204 1s a
developing unit that develops an electrostatic 1image as a
toner 1mage. A cleaning blade 206 1s a cleaning unit that
removes toner (transier residual toner) remaining on the
surface of the photosensitive drum 201 after transfer and a
pre-exposure LED 216 neutralizes the potential on the
photosensitive drum 201. The intermediate transier belt 205
functions as an intermediate transier member disposed to
oppose the four photosensitive drums 201 to transfer the
toner 1image on the photosensitive drum 201 to a recording
material 207. The process cartridge 208 includes the pho-
tosensitive drum 201 and the charging roller 202 as a charge
process unit of the photosensitive drum 201, the developing
umt 204, and the cleaning blade 206, which are integrated
with each other. The process cartridge 208 1s detachably
attached to the image forming apparatus 200. Moreover, the
developing unit 204 has a memory M1 and a photosensitive
member unit 301 has a memory M2. Information related to
a driving amount of the developing unit 204 1s stored in the
memory M1, and information related to a driving amount of
the photosensitive drum 201 1s stored in the photosensitive
member umt 301.

In the present embodiment, the process cartridges 208 of
the respective colors have the same shape, and toner com-
ponents of the respective colors of yellow (Y), magenta (M),
cyan (C), and black (K) are stored in the process cartridges
208 of the respective colors. Moreover, the toner used 1n the
present embodiment 1s toner having negative charging char-
acteristics (a normal charging polarity 1s minus).

The mtermediate transier belt 205 formed of an endless
belt as an mtermediate transier member abuts on all photo-
sensitive drums 201 as an 1mage bearing member and rotates
in the direction indicated by arrow B (counter-clockwise
direction). The intermediate transfer belt 205 1s stretched
between a driving roller 209, a secondary transfer opposing
roller 210, and a driven roller 211 as a plurality of supporting
members. Four primary transier rollers 212 as a primary
transier unit are arranged 1n parallel on an inner circumier-
ential side of the intermediate transfer belt 205 so as to
oppose the photosensitive drums 201. A bias of a polarity
opposite to the normal charging polarity (in the present
embodiment, a negative polarity as described above) of
toner 1s applied from a primary transier bias source (not
illustrated) to the primary transfer roller 212. In this way, the
toner 1mage on the photosensitive drum 201 1s transferred to
the intermediate transfer belt 205. Moreover, a secondary
transier roller 213 as a secondary transfer unit 1s disposed at
a position opposing the secondary transier opposing roller
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210 on an outer circumierential side of the intermediate
transier belt 205. A bias of a polarity opposite to the normal
charging polarity of the toner 1s applied from a secondary
transier bias source (not illustrated) to the secondary transier
roller 213. In this way, the toner 1image on the intermediate
transier belt 205 1s transierred to the recording material 207.

The recording material 207 to which a toner 1mage 1s
transferred 1s conveyed to a fixing device 218 as a fixing
unit. In the fixing device 218, heat and pressure are applied
to the recording material 207 whereby a toner image 1s fixed
to the recording material 207. After that, the recording
material 207 to which the toner 1mage 1s fixed 1s discharged
to a discharge tray provided on an upper surface of the
apparatus body.

Moreover, the 1mage forming apparatus 200 includes a
sensor 219 as a detecting unit that detects a moisture content
[¢/m’] in an ambient environment such as a temperature and
a humidity in the image forming apparatus 200 by detecting
a temperature and a relative humidity. The sensor 219 1s an
example of a first acquiring umt that acquires imnformation
indicating a change in electrostatic capacitance. The CPU
215 determines whether the ambient environment in the
image forming apparatus 200 corresponds to a low-tempera-
ture and low-humidity environment, a normal-temperature
and normal-humidity environment, or a high-temperature
and high-humidity environment on the basis of the moisture
content detected by the sensor 219. The image forming
apparatus 200 determines a developing contrast according to
the determined environments. A specific process of the
image forming apparatus 200 will be described later.

Process Cartridge

The process cartridge 208 attached to the image forming
apparatus 200 of the present embodiment will be described
with reference to FI1G. 2. FIG. 2 1s a cross-sectional view (a
main cross-sectional view) schematically illustrating a
cross-section vertical to a longitudinal direction (a rotation
axis direction) of the photosensitive drum 201 as an image
bearing member. In the present embodiment, the configu-
rations and the operations of the process cartridges 208 of
the respective colors are substantially the same except for
the type (color) of the developer stored therein.

The process cartridge 208 has the photosensitive member
unit 301 including the photosensitive drum 201 as an image
bearing member and the like and the developing unit 204
including the developing roller 302 and the like. The pho-
tosensitive member unit 301 has a cleaning frame body 303
as a Irame body that supports various elements of the
photosensitive member unit 301. The photosensitive drum
201 1s rotatably attached to the cleaning frame body 303
with bearings (not illustrated) disposed therebetween. The
photosensitive drum 201 1s driven and rotated in the direc-
tion 1indicated by arrow A (clockwise direction) according to
an 1mage forming operation when a driving force of a motor
driving unit as a driving unit (driving source) 1s transmitted
to the photosensitive member unit 301. The photosensitive
drum 201 which plays a major role of an 1mage forming
process uses an organic photosensitive member 1n which an
undercoat layer which 1s a functional film, a carrier genera-

tion layer, and a carrier transport layer are coated in that
order on an outer circumierential surface of an aluminum
cylinder. Moreover, the cleaning blade 206 and the charging
roller 202 are disposed 1n the photosensitive member unit
301 so as to make contact with the circumierential surface
of the photosensitive drum 201. The transier residual toner
removed from the photosensitive drum 201 by the cleaning,
blade 206 falls and 1s stored in the cleaning frame body 303.
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The charging roller 202 which 1s a charging unit rotates
tollowing the photosensitive drum 201 as the image bearing
member when a conductive rubber roller portion makes
pressure-contact with the photosensitive drum 201. Here, 1n
the core of the charging roller 202, as a charging process, a
predetermined DC voltage as a charging bias 1s applied from
a charging voltage application unit (a high-voltage source)
as a charging roller bias application unit to the photosensi-
tive drum 201. In this way, a uniform dark-part potential
(Vd) 1s formed on the surface of the photosensitive drum
201. The scanner unit 203 emits a laser beam L correspond-
ing to 1mage data to expose the photosensitive drum 201.
The charge on the exposed photosensitive drum 201 disap-
pears due to a carrier from the carrier generation layer
whereby the potential thereof decreases. As a result, an
clectrostatic latent image 1n which an exposure region has a
predetermined light-part potential (V1) and a non-exposure
region has a predetermined dark-part potential (Vd) 1s
formed on the photosensitive drum 201. In the electrostatic
latent 1mage, a region i which a light-part potential 1s
formed 1s a region to which toner adheres, and a region 1n
which a dark-part potential 1s formed 1s a region to which
toner does not adhere.

The developing unit 204 includes a container frame body
306 having a developing chamber 18a¢ and a developer
storage chamber 1856, and the developer storage chamber
185 1s disposed below the developing chamber 18a to
communicate with the developing chamber 18a through a
communication opemng formed in an upper portion of the
developer storage chamber 185. Toner 305 as a developer 1s
stored 1n the developer storage chamber 18b6. A stirring
member (a developer conveying member) 307 for conveying
the toner 305 to the developing chamber 18a 1s provided in
the developer storage chamber 185. The stlrrmg member
307 conveys the toner 305 by rotating in the direction
indicated by arrow G. The stirring member 307 rotates 1n
response to a rotation driving force from a motor driving unit
as a driving unit. In the present embodiment, as described
above, toner of which the normal charging polarity 1is
negative 1s used as the toner, and in the following descrip-
tion, 1t 1s assumed that negative charge toner 1s used.
However, the toner usable in the present invention 1s not
limited to negative charge toner, but toner of which the
normal charging polarity 1s positive may be used depending
on an apparatus configuration.

The developing roller 302 as a developer bearing member
that makes contact with the photosensitive drum 201 as an
image bearing member and rotates 1n the direction indicated
by arrow D in response to a driving force of the motor
driving unit as a driving unit 1s provided in the developing
chamber 18a. In the present embodiment, the developing
roller 302 and the photosensitive drum 201 rotate so that the
surfaces thereof move 1n the same direction 1n an opposing,
portion (a contacting portion C1) which 1s a portion 1n which
the toner 3035 borne by the developing roller 302 1s supplied
to the photosensitive drum 201. Moreover, the surface of the
photosensitive drum 201 1s uniformly charged by the charg-
ing roller 202. A predetermined charging voltage 1s applied
from a charging voltage application unit 422 as a charging
bias application unit to the charging roller 202. Moreover, a
predetermined DC bias (a developing bias) suilicient for
developing and visualizing the electrostatic latent 1image on
the photosensitive drum 201 as a toner 1image (a developer
image) 1s applied from a developing voltage application unit
(a high-voltage source) 412 (FIG. 3) as a developing bias
application unit to the developing roller 302. In the contact-
ing portion C1 1n which the developing roller 302 and the
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photosensitive drum 201 abut on each other, toner is trans-
ferred to a light-part potential portion only due to the
potential difference to develop the electrostatic latent image.

A toner supply roller (hereinafter referred to as a supply
roller) 304 and a developing blade 308 as a toner amount
regulating member are disposed 1n the developing chamber
18a. The supply roller 304 as a developer supplying member
1s a roller for supplying the toner 305 conveyed from the
developer storage chamber 185 to the developing roller 302.
The developing blade 308 regulates a coating amount of the
toner on the developing roller 302 supplied by the supply
roller 304 and applies charge to the toner. A bias (a supply
bias) 1s applied from a high-voltage source (not 1llustrated)
as a supply bias application unit to the supply roller 304.

Here, the bias applied by a developing voltage application
unit (a high-voltage source), a charging voltage application
unit (a high-voltage source), and a supply roller bias source
1s controlled by the CPU 2135 which 1s a control unit on the
basis of mformation obtained by a print mode information
acquiring unit. The print mode mformation acquiring unit
acquires the mformation input from an operation panel or a
printer driver (not illustrated) of the 1mage forming appara-
tus 200.

The supply roller 304 1s an elastic sponge roller having a
toam layer formed on the periphery of a conductive core and
1s arranged to form a predetermined contacting portion C2
on the circumierential surface of the developing roller 302
in a portion opposing the developing roller 302. The supply
roller 304 rotates in the direction indicated by arrow E in
response to a driving force of the motor driving unit as a
driving unait.

FIG. 3 1s a schematic cross-sectional view illustrating an
image forming station which 1s a portion of the image
forming apparatus 200 according to the present embodi-
ment. In the present embodiment, the respective portions of
the first, second, third, and fourth image forming stations SY,
SM, SC, and SK for forming 1images of the respective colors
of yellow (Y), magenta (M), cyan (C), and black (K) are
driven by independent motor driving units. Specifically,
motor driving units 401Y, 401M, and 401C drive photosen-
sitive drums 201Y, 201M, and 201C of the colors of yellow
(Y), magenta (M), and cyan (C), respectively. Moreover,
motor driving units 402Y, 402M, and 402C drnive developing
rollers 302Y, 302M, and 302C of the colors of yellow (Y),
magenta (M), and cyan (C), respectively. Moreover, motor
driving units 404Y, 404M, and 404C drive toner supply
rollers 304Y, 304M, and 304C, respectively. Moreover,
motor driving umts 407Y, 407M, and 407C drive stirring
members 307Y, 307M, and 307C, respectively. Furthermore,
a motor driving unit 410K drives a photosensitive drum

201K, a developing roller 302K, a toner supply roller 304K,
and a stirring member 307K of the color of black (K). Each

of the motor driving units 401, 402, 404, 407, and 410 that
drive the photosensitive drum 201, the developing roller
302, the supply roller 304, and the stirring member 307
includes a motor, a gear train that transmits a rotation driving
force of the motor, and the like. These motor driving units
correspond to a driving unit capable of rotation driving of an
image bearing member, a developer bearing member, a
supplying member, and a conveying member individually
and variably and are controlled by the CPU 2185.

As described above, each of the process cartridges of the
colors of yellow (Y), magenta (M), and cyan (C) includes a
driving umit that drives to rotate a photosensitive drum, a
driving unit that drnives to rotate a developing roller, a
driving unit that drives to rotate a supply roller, and a driving
unit that drives to rotate a stirring member. These driving,
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units have mdependent driving sources. Moreover, the pro-
cess cartridge 208K of the color of black (K) includes a
driving unit that drives to rotate a photosensitive drum, a
driving unit that drives to rotate a developing roller, a
driving unit that drives to rotate a supply roller, and a driving
umt that drives to rotate a stirring member, which are
configured as one common driving motor.

FIG. 4 1s a characteristic diagram 1llustrating a relation
between an 1mage forming density and a supply amount
[kg/m?] of the toner 305 from the developing roller 302 as
a developer bearing member to the photosensitive drum 201
as an i1mage bearing member, 1n which a horizontal axis
indicates a toner amount on a sheet (a recording material)
and a vertical axis indicates a density after fixing. In the
above-described configuration, when an i1mage forming
operation 1s performed, the amount of developed toner may
vary due to a potential fluctuation of various biases. Image
defects such as density unevenness or tint unevenness may
occur 1 an 1mage formed when the toner amount varies.
FIG. 4 1llustrates an example thereof. The characteristic
diagram 1illustrated 1n FIG. 4 1s obtained using a reflection
densitometer (Macbeth RD-918, product of Macbeth Cor-
poration) as a reflection densitometer. As criteria for deter-
mining an image density, 1.3 or more 1s required as an
average density of a solid black 1image as an output image of
a high-quality image forming apparatus, for example.

In FIG. 4, when the toner amount 1s 0 to approximately
1.2, a change i density after fixing becomes steep, which
suggests the possibility of a density unevenness due to a
variation in the toner amount. As a method of avoiding a
density unevenness, 1t may be eflective to develop an
clectrostatic 1mage on the photosensitive drum using the
entire toner coated on the developing roller formed rela-
tively stably. Therefore, as the development setting when
developing a high-print-ratio 1mage pattern like a solid-
black i1mage, setting ol increasing an absolute value (a
developing contrast) of a potential difference between a
light-part potential and a developing bias applied to the
developing roller with respect to a charge amount of toner on
the developing roller 1s employed. A latent image having a
suilicient developing contrast 1s formed so that a stable
toner-image-developing 1image can be obtained even when
developing properties fluctuate due to a potential variation
or the like. Components associated with forming of a
developing contrast according to the present embodiment,
that 1s, the charging roller 202, the charging voltage appli-
cation unit, the scanner unit 203, the developing roller 302,
the developing voltage application umt, and the like corre-
spond to a latent image forming unit.

When the photosensitive drum 201 and the developing
roller 302 are operated while increasing the peripheral
velocity ratio thereof 1n order to obtain a higher density and
extend a color gamut, if a high-density image 1s output
continuously, a density unevenness or a tint unevenness may
occur since toner 1s not supplied at an appropriate timing. As
a developing mechanism, even when images are output
continuously 1n a so-called high-density mode where a large
amount ol toner 1s used, although toner 1s supplied to the
vicinity of the developing roller 302, since there 1s a little
chance to apply charge to the supplied toner, the electrifi-
cation charge of the toner 1s weak. Due to the weak elec-
trification charge amount, the supply including adhesion of
toner to the developing roller 302 1s likely to become
unstable. Due to the unstable supply, the amount of toner
coated on the developing roller 302 or an electrification
charge amount of the toner becomes unstable. As a result, a
density unevenness or a tint unevenness occurs in an 1mage.
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In contrast, under high-density-mode solid-black print con-
ditions, the electrification charge amount per unit area of
toner supplied from the developing roller 302 increases, and
the developing contrast 1s controlled so that toner remains on
the developing roller 302 after developing or the remaining
toner amount increases. In this way, a density unevenness or
a tint unevenness 1s suppressed.

Here, 1n a high density mode of the present embodiment,
a phenomenon (hereinafter referred to as a “development
ghost””) in which a halftone density of the background color
and a halftone density immediately after solid-black printing
are diferent depending on a printing pattern during image
forming will be described with reference to FIG. 5. Solid-
black printing means an image forming operation with a
density of 100% (highest density). A development ghost
occurs due to a difference between an electrification charge
amount of toner (hereinafter referred to as “post-black
toner”) on the developing roller 302 1n a printing portion and
an electrification charge amount of toner (hereinafter
referred to as a “post-no toner”) on the developing roller 302
in a node parameter NP as 1llustrated in case “A” 1n FIG. 5.
The difference between the electrification charge amount of
the post-no toner and the electrification charge amount of the
post-black toner results from a difference in the number of
mechanical frictional rubbing times of the respective toner
components.

An electrification charge amount due to frictional rubbing
in an abutting portion between the developing roller 302 and
the developing blade 308 with respect to a developing
residual toner which has been triboelectrically charged in
advance 1s added to the post-no toner on the developing
roller 302. On the other hand, the post-black toner on the
developing roller 302 has an electrification charge amount
resulting from one instance of Irictional rubbing in an
abutting portion between the developing roller 302 and the
developing blade 308. Due to a difference in the number of
frictional rubbing times, the electrification charge amount of
the post-no toner 1s likely to be larger than the electrification
charge amount of the post-black toner.

In a configuration 1n which the rotation directions of the
developing roller 302 and the toner supply roller 304 are the
same, a mechanical property of the toner supply roller 304
scraping toner on the developing roller 302 1s poor as
compared to a configuration 1n which the rotation directions
are opposite. Due to this, the post-no toner 1s likely to remain
on the developing roller 302, and the diflerence between the
clectrification charge amount of the post-no toner and the
clectrification charge amount of the post-black toner may
increase.

In the case “A” in FIG. 5, electrification of the toner (the
post-black toner) supplied from the supply roller 304 to the
developing roller 302 1s delayed in a portion 501 corre-
sponding to a printing portion on the developing roller 302
in solid-black printing. As a result, when toner 1s supplied to
the portion 501 corresponding to a printing portion, an
clectrification charge amount of the post-black toner imme-
diately after solid-black printing becomes smaller than an
clectrification charge amount of the post-no toner (see
portion 503 1n the drawing). Due to this, the amount of toner
moving from the portion 503 corresponding to the printing
portion to the photosensitive drum 201 on which an elec-
trostatic latent 1image 1s formed becomes larger than the
toner amount 1n the post-no toner portion around the corre-
sponding portion 503 whereby a development ghost occurs.

In order to alleviate such a development ghost, as illus-
trated 1n case “B” 1 FIG. 5, an electrification charge amount
of the toner supplied to the portion 502 corresponding to a
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printing portion on the developing roller 302 1n solid-black
printing 1s increased by generating a developing residual
toner. In this way, the electrification charge amounts of the
post-no toner and the post-black toner approach each other
(see portion 504 in the drawing). As a result, the amount of
toner moving from the portion 504 corresponding to the
printing portion to the photosensitive drum 201 becomes
approximately the same as the amount of toner moving from
the portion of the surrounding post-no toner to the photo-
sensitive drum 201, and the development ghost 1s alleviated.

In the high-density mode, when the film thickness of the
photosensitive drum 201 decreases 1n the end of the life of
the photosensitive drum 201, the electrification charge
amount of the toner that can be developed on the photosen-
sitive drum 201 1increases. It was found that, as a result, a
residual toner on the developing roller 302 after developing
decreased or disappeared, a difference 1n the electrification
charge amount of the post-no toner, and the post-black toner
increased, and the development ghost worsened.

Therefore, 1 the present embodiment, the following
operation 1s performed in an apparatus configuration having
a normal mode (an 1mage forming mode A) such as oflice
use and a high-density mode (an image forming mode B) for
extending tint as an 1image forming operation mode. In the
normal mode as a first operation mode, a setting condition
having such a developing contrast that a remaining toner
amount after developing disappears substantially for an
clectrification charge amount per unit area of toner supplied
from a developing roller under solid-black density print
conditions 1s used. In the high-density mode as a second
operation mode, a toner supply amount 1s increased by
increasing a peripheral velocity ratio of the photosensitive
drum to the developing roller under the same condition. In
the present embodiment, in the high-density mode for sup-
pressing a density unevenness or a tint unevenness, a devel-
oping contrast 1s controlled according to an electrostatic
capacitance of the photosensitive drum 201 so that toner
remains on the developing roller 302 after developing. In
this way, a density unevenness or a tint unevenness 1s
suppressed while increasing the density and extending the
tint.

First, the electrification charge amounts of an electrostatic
latent 1image and a toner formed on the photosensitive drum
were examined. In the present embodiment, a dark-part
potential after charging was set to =300 V and a light-part
potential after laser exposure was set to —=100 V. In the
present embodiment, the value of the light-part potential 1s
a value obtained by a surface potentiometer measuring the
potential on the photosensitive drum when such an 1mage
pattern that an entire sheet 1s developed with toner like a
solid-black 1mage was formed. A developing potential (a
developing bias) applied to the developing roller was set to
-300 V and a developing contrast AV at that time was set to
200 V. As for the toner formed on the developing roller, 1n
the present embodiment, a loading amount (hereinafter M/S)
of toner per unit area was set to 3.0x10™ kg/m* and an
clectrification charge amount (hereinaiter Q/S) of toner per
unit area was set to —0.15x10™> C/m”.

Subsequently, the supply amount of toner to the devel-
oping contrast was examined. As an examination method,
the peripheral velocity of the photosensitive drum was set to
0.2 m/s and the peripheral velocity of the developing roller
was changed so that the peripheral velocity ratio which 1s the
ratio of the peripheral velocity of the photosensitive drum to
the peripheral velocity of the developing roller was changed.
In this case, when a peripheral velocity ratio of 100% 1s set
as a constant velocity, a peripheral velocity ratio of 140%
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means that the developing roller rotates faster than the
photosensitive drum. The peripheral velocity of the devel-
oping roller may be fixed to be constant at 0.2 m/s and the
peripheral velocity of the photosensitive drum may be
decreased so as to increase the peripheral velocity ratio.
Since tint and density are closely related, 1n the description
of the present embodiment, description will be made using
the density. The toner used in this examination was black
toner. The examination results are illustrated in FIGS. 6A
and 6B.

In FIG. 6A, a horizontal axis indicates a peripheral
velocity ratio and a vertical axis indicates M/S on the
photosensitive drum as an image bearing member. In FIG.
6B, a horizontal axis similarly indicates a peripheral velocity
rat10 and a vertical axis indicates /S of the toner developed
on the photosensitive drum. As 1llustrated 1n FIGS. 6A and
6B, it 1s understood that the growth of M/S and Q/S with
respect to the peripheral velocity ratio slows down near a
peripheral velocity ratio of 210%. Moreover, a relation
between the peripheral velocity ratio and M/S or (O/S when
the developing contrast AV was set to 150 V 1s indicated by
a broken line. This slowdown indicates that, when charged
toner 1s supplied to the photosensitive drum, an electrical
gradient formed by the developing contrast becomes gentle
or disappears due to the charge of the toner and the supply
of toner to the light-part potential portion of the photosen-
sitive drum 1s saturated.

A developing contrast at a developing nip 1s formed by a
light-part potential and a dark-part potential that form an
clectrostatic latent image formed on the photosensitive drum
and a developing bias applied to the developing roller. With
this developing contrast, toner on the developing roller
moves to the photosensitive drum to form an electrostatic
image. More specifically, the amount (a developable
amount) of toner provided for developing i1s determined by
the product of (1) an electrostatic capacitance (C) of a portion
of the photosensitive drum and (1) a developing contrast
(AV), the portion 1s opposing to the developing roller and 1s
supplied with the toner from the developing roller. The
amount of toner provided for developing 1s corresponding to
a total amount of the supplied electrification charge amount.
That 1s, CxAv 1ndicates a total amount of the electrification
charge amount of toner per unit area which can be moved
(provided for developing) from the developing roller to the
photosensitive drum at the developing nip which 1s an
opposing portion at which the developing roller and the
photosensitive drum oppose each other. Moreover, the total
amount of electrification charge of the toner supplied to the
photosensitive drum 1s determined by an electrification
charge amount ((Q/S) per unit area on the developing roller
a peripheral velocity ratio (Av) to the photosensitive drum
and 1s represented by Q/SxAv.

A relation between the film thickness of the photosensi-
tive drum 201 and the charge amount Q in the present
embodiment 1s illustrated 1n FIG. 7. As 1illustrated in FIG. 7,
the film thickness of the photosensitive drum 201 changes
from 25 um to 15 um from the start to the end of the life of
the photosensitive drum 201. In this case, in the present
embodiment, the developing contrast 1s set so as to satisiy
AV=(15/25)AV,. Even when the film thickness of the pho-
tosensitive drum 201 decreases and the electrostatic capaci-
tance C changes, the developing contrast AV 1s set such that
the charge amount Q (=CxAV) 1s constant. Although 1t 1s not
ideal that the developing contrast AV 1s set such that the
charge amount ) 1s constant, there 1s no limitation thereto.
It was found that a development ghost was suppressed
similarly to the case of controlling the developing contrast
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AV as 1n FIG. 7 even if the remaining toner amount on the
developing roller after developing had changed, 1f a prede-
termined amount of residual toner or more was present on
the developing roller. Moreover, 1t was found that a devel-
opment ghost was suppressed even when less than the
predetermined amount of residual toner remained on the
developing roller better than when a residual toner was not
present.

From the above, a toner amount which can be provided
for developing with respect to a developing contrast is
represented by a relational example of 1Q/SxAvI=ICxAV].
That 1s, when a relation of 1Q/SxAv|<ICxAV]| 1s obtained

when the peripheral velocity ratio Av 1s changed, the total
charge amount of the toner supplied from the developing
roller becomes smaller than the charge amount received by
the photosensitive drum. This case 1s the condition that the
entire toner on the developing roller moves (1s provided for
developing) to the photosensitive drum. In contrast, in the
case ol |Q/SxAvI>ICxAVI, a total charge amount of the
toner supplied from the developing roller 1s larger than the
charge amount recerved by the photosensitive drum. This
case 1s the condition that after the toner on the developing
roller moves to the photosensitive drum, a portion of the
toner 1s used for developing, and the remaining toner
remains on the developing roller without being used for
developing. A peripheral velocity ratio Av when the relation
of 1Q/SxAvI=|CxAV]| 1s satisfied 1s an example of a first
peripheral velocity ratio, and a peripheral velocity ratio Av
when the relation of |Q/SxAvI>ICxAV] 1s satisfied 1s an
example of a second peripheral velocity ratio. AV when
|Q/SxAv|=|CxAV] 1s satisfied and AV when [1Q/SxAv|>|Cx
AV 1s satisfied do not necessarily have the same magnitude.
For example, a case of IAV1I<|AV2| when [Q/SxAv|=|Cx
AV1| and [Q/SxAvI>ICxAV2] 1s atypical case.

Next, a condition that the electrostatic capacitance C of
the photosensitive drum 201 changes will be described. The
clectrostatic capacitance C of the photosensitive drum 201 1s
determined by a permittivity (&) and a film thickness (d) of
the photosensitive drum 201 and a contact area (S) between
the photosensitive drum 201 and the developing roller 302
and 1s represented by C=eS/d. Therelore, the permittivity of
the photosensitive drum 201 changes when a moisture
content that 1s moisture absorbed by the film of the photo-
sensitive drum 201 changes according to the temperature
and the humidity of an environment. As a result, the elec-
trostatic capacitance C of the photosensitive drum 201
changes. As an example of variation 1n an ambient environ-
ment 1n the present embodiment, a low-temperature and
low-humidity environment 1s a temperature of 15° C. and a
humidity of 10%, and a high-temperature and high-humidity
environment 1s a temperature of 30° C. and a humidity of
80%. Furthermore, as an example of an index of variation 1n
an ambient environment in the present embodiment, 1.5
[¢/m”] which is an absolute moisture content at a tempera-
ture of 15° C. and a humidity of 10% 1s used as a first
threshold, and 24 [g/m’] which is an absolute moisture
content at a temperature of 30° C. and a humidity of 80% 1s
used as a second threshold.

The electrostatic capacitance C of the photosensitive
drum 201 1s represented by C=e¢S/d as described above. That
1s, since the film thickness d of the photosensitive drum 201
changes due to scraping associated with image forming, the
clectrostatic capacitance C of the photosensitive drum 201
also changes. In the present embodiment, 25 um, 20 um, and
15 um are used as representative values of the film thickness
of the photosensitive drum 201.
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When the electrostatic capacitance C of the photosensitive
drum 201 changes due to factors such as the temperature and
the humidity of an ambient environment and the film thick-
ness of the photosensitive drum 201, the developable
amount ol the toner developed by the developing contrast
changes due to the relational expression of [Q/SxAv|=Cx
AV|. In a high-density mode 1n which toner remains on the
developing roller 302 after developing according to the
present embodiment, the amount of residual toner after
developing changes with change 1n the electrostatic capaci-
tance C of the photosensitive drum 201. In this case, when
the developing contrast 1s controlled so that the relation of
|Q/SxAv|>|CxAV]| 1s satisfied, toner remains on the devel-
oping roller 302 after developing.

Next, a method of controlling the developing contrast so
that the relation of 1Q/SxAvI>|ICxAV] 1s satisfied according
to a change 1n the electrostatic capacitance C of the photo-
sensitive drum due to a change in the temperature and the
humidity of an ambient environment and the film thickness
of the photosensitive drum 201 will be described. In the
present embodiment, the developing contrast 1s controlled
using Table 1 below. The table in Table 1 1s stored in the
memory 220 of the image forming apparatus in advance in
such a form that the table can be referred to by the CPU 2185,

and the table 1s referred to 1n the flowchart of FIG. 8 to be
described later. Actually, the value set by the CPU 2135 which

1s a setting unit 1s a developing bias, for example, and the

values 1n the parenthesis 1n the table are developing biases
when the dark-part potential 1s =500 V and the light-part

potential after laser exposure 1s =100 V.

TABLE 1

Film thickness of photosensitive drum

Absolute moisture content 25 [um] 20 [um] 15 [um]
Smaller than 1.5 [g/m?] 450 V 360 V 270V
(=550 V) (-460 V) (=370 V)
At least 1.5 [g/m”] and not 550V 440 V 330 V
more than 24 [g/m°] (—-650 V) (-540 V) (=430 V)
Larger than 24 [g/m’] 600 V 480 V 360 V
(=700 V) (-580 V) (-460 V)

In Table 1, an environment in which an absolute moisture
content that 1s moisture included 1n the ambient air 1s smaller
than the first threshold of 1.5 [g/m’] is defined as the
low-temperature and low-humidity environment. Moreover,
in Table 1, an environment in which an absolute moisture
content that 1s moisture included 1n the ambient air 1s at least
the first threshold of 1.5 [g/m’] and not more than the second
threshold of 24 [¢/m”] is defined as the normal-temperature
and normal-humidity environment. Moreover, 1n Table 1, an
environment in which an absolute moisture content included
in the ambient air 1s larger than the second threshold of 24
[g¢/m’] is defined as the high-temperature and high-humidity
environment. Furthermore, 1n Table 1, a change 1n the film
thickness with the life of the photosensitive drum 201 1s
defined as 25 pum, 20 um, and 15 um as a reprehensive
example. In Table 1, the developing contrasts corresponding
to the pairs of respective environments and the respective
f1lm thicknesses of the photosensitive drum 201 are defined.
The definitions of the environments, the film thickness of the
photosensitive drum, and the developing contrast illustrated
in FIG. 1 are examples only.

When the film thickness at the start of the life of the
photosensitive drum 201 1s 25 um and the film thickness at
the end of the life of the photosensitive drum 201 1s 15 um,
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the electrostatic capacitance C at the end of the life of the
photosensitive drum 201 1s C=(25/135)C, with respect to an
clectrostatic capacitance C, at the start of the life of the
photosensitive drum 201. In contrast, the developing con-
trast that satisfies the relation of |Q/SxAvI>|CxAV] 1s |AV|x]
(15/25)AV,| since it 1s suflicient that a relation of [Q/Sx
AvI>IC <AV 1zI(25/15)C xAV] 1s satisfied. Therefore,
when the developing contrast AV, at the start of the life of
the photosensitive drum 201 1s 550 V, the developing
contrast AV at the end of the life of the photosensitive drum
201 can be determined to be 330 V or smaller. According to
the present embodiment, the developing contrast 1s deter-
mined to be smaller as the remaining life of the photosen-
sitive drum becomes shorter.

Next, a process executed by the CPU 215 according to the
present embodiment will be described 1n detail with refer-
ence to the flowchart illustrated 1 FIG. 8. In the following
process, the CPU 215 functions as a determiming unit that
determines the developing contrast and controls the devel-
oping contrast according to the electrostatic capacitance of
the photosensitive drum 201. In the following process, the
CPU 215 uses the table of the developing contrast corre-
sponding to the film thickness of the photosensitive drum
201 and the absolute moisture content of the ambient
environment illustrated in Table 1 as the condition that the
electrostatic capacitance C of the photosensitive drum 201
changes. The values of the developing contrasts may be
determined 1n advance by tests, simulations, or the like.
Moreover, the table may be stored in the memory 220 1n
advance.

When a process starts (step 101), the CPU 215 acquires
information related to a driving amount of the developing
unit 204 stored 1n the memory M1 of the developing unit 204
via the mput/output I'F 230. Moreover, the CPU 2135
acquires 1nformation related to a driving amount of the
photosensitive member unit 301 stored in the memory M2 of
the photosensitive member unit 301 via the input/output I/F
230. The CPU 2135 calculates the film thickness of the
photosensitive drum 201 on the basis of the acquired infor-
mation (step 102). Specifically, the CPU 215 obtains a
pertod 1n which a voltage 1s applied to the photosensitive
drum 201 by the charging roller 202 and the developing
roller 302 and the photosensitive drum 201 rotate in an
abutting state. Moreover, the CPU 215 obtains a period 1n
which a voltage 1s applied to the photosensitive drum 201 by
the charging roller 202 and the developing roller 302 and the
photosensitive drum 201 rotate in a separated state. More-
over, the CPU 215 obtains a period 1n which a voltage 1s not
applied to the charging roller 202 and the developing roller
302 and the photosensitive drum 201 rotate 1n a separated
state. Moreover, the CPU 215 multiplies the obtained peri-
ods by a coeflicient and obtains an addition value of the
multiplication results as the film thickness of the photosen-
sitive drum 201. As a method of calculating the film thick-
ness indicating the degree of accumulated use or the life of
the photosensitive drum, a simplified calculation method
which takes a period in which the developing roller 302 and
the photosensitive drum 201 rotate 1in an abutting state only
into consideration without taking the period of rotation 1n
the separated state into consideration may be used.

The CPU 2135 1s an example of a second acquiring unit
that acquires information related to a period 1 which an
image bearing member (the photosensitive drum 201)
rotates. Moreover, the information related to a period n
which the image bearing member rotates may include a
period 1 which the developing roller 302 and the photo-
sensitive drum 201 rotate 1n an abutting state and a period 1n
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which the developing roller 302 and the photosensitive drum
201 rotate 1n a separated state. Here, the period 1in which the
developing roller 302 and the photosensitive drum 201
rotate 1n an abutting state 1s an example of a first period.
Moreover, the period 1n which the developing roller 302 and
the photosensitive drum 201 rotate 1n a separated state 1s an
example of a second period. Furthermore, the information
related to a period 1n which the image bearing member
rotates 1s an example of the information related to life of the
image bearing member. Examples of the information related
to the life of the image bearing member includes a rotation
speed of the photosensitive drum 201 rotating 1n a state of
abutting on the developing roller 302, the number of prints
of the 1image forming apparatus 200, an operation period of
the 1mage forming apparatus 200, and a residual toner
amount of the process cartridge 208. These pieces of infor-
mation are acquired from respective control targets via the
input/output I'F 230 by the CPU 215 and are stored 1n the
memory 220 again via the mput/output I'F 230.

After the process of step 102 1s completed, a user selects
an 1mage forming mode (that 1s, the user issues an instruc-
tion for execution of an image forming operation to the
image forming apparatus). The CPU 215 receirves the selec-
tion ol the image forming mode by the user (step 103).
Actually, a selection instruction that designates an image
forming mode 1s mput to the CPU 215 via the input/output
I/F 230.

The CPU 215 determines whether an image 1s to be
formed 1n a high density on the basis of the selection of the
received 1mage forming mode (step 104). Determination
herein means following a command that designates the input
image forming mode. When the CPU 215 determines 1n step
104 that an 1mage 1s to be formed 1n a high density (step 104;
Yes), the flow proceeds to step 105. On the other hand, when
the CPU 215 determines that an image 1s not to be formed
in a high density (step 104: No), the flow proceeds to step
116.

In step 116, the CPU 215 controls the developing voltage
application unit 412 and the charging voltage application
unit 422 as a normal mode. The developing voltage appli-
cation unit 412 and the charging voltage application unit 422
apply voltages to the charging roller 202 and the developing
roller 302 according to the control of the CPU 215. The
operations of the respective control targets such as the motor
driving unit connected to the mmput/output I'F 230 are
controlled by the CPU 215 and an image forming operation
1s performed (steps 116 and 117).

In step 105, the CPU 215 acquires information related to
the moisture content detected by the sensor 219 via the
input/output I'F 230. Moreover, the CPU 215 acquires
information related to the threshold of the moisture content
in the table of Table 1 stored in the memory 220. The CPU
215 determines whether the absolute moisture content of the
ambient environment 1n the image forming apparatus 200 1s
larger than the first threshold of 1.5 [g/m”] on the basis of the
acquired information. In step 105, when the absolute mois-
ture content of the ambient environment 1s larger than the
first threshold of 1.5 [g/m’] (step 105: Yes), the flow
proceeds to step 106. On the other hand, when the absolute
moisture content of the ambient environment 1s not larger
than the first threshold of 1.5 [g¢/m?] (step 105: No), the flow
proceeds to step 113. In step 113, the CPU 215 selects the
developing contrast corresponding to the film thickness of
the photosensitive drum and the moisture content used in the
determination 1n step 1035 by referring to the table of Table
1. The CPU 215 increases the peripheral velocity ratio of the
photosensitive drum to the developing roller as a high-
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density mode on the basis of the selected developing con-
trast and performs an 1mage forming operation (steps 114
and 115). In the image forming operation of the high-density
mode, the CPU 215 controls the application voltages of the
developing voltage application unit 412 and the charging
voltage application unit 422 and the operations of the other
control targets.

In step 106, the CPU 215 determines whether the absolute
moisture content of the ambient environment 1s smaller than
the second threshold of 24 [g/m’] on the basis of the
information acquired i step 105. When the CPU 215
determines 1n step 106 that the absolute moisture content of

the ambient environment 1s smaller than the second thresh-
old of 24 [¢/m’] (step 106: Yes), the flow proceeds to step

107. On the other hand, when the CPU 215 determines that
the absolute moisture content of the ambient environment 1s
larger than the second threshold of 24 [g/m”] (step 106: No),
the flow proceeds to step 110.

In step 107, the CPU 215 selects a developing contrast
corresponding to the film thickness of the photosensitive
drum and the moisture content used in the determination 1n
step 106 by referring to the table of Table 1 read from the
memory 220. The CPU 215 increases the peripheral velocity
ratio of the photosensitive drum to the developing roller as
a high-density mode on the basis of the selected developing
contrast and performs an i1mage forming operation (steps
108 and 109).

In step 110, the CPU 215 selects a developing contrast
corresponding to the film thickness of the photosensitive
drum and the moisture content used 1n determination 1n step
106. The CPU 215 increases the peripheral velocity ratio of
the photosensitive drum to the developing roller as a high-
density mode on the basis of the selected developing con-
trast and performs an image forming operation (steps 111
and 112). In steps 111 and 112, in the 1mage forming
operation ol the high-density mode, the CPU 215 controls
the application voltages of the developing voltage applica-
tion unit 412 and the charging voltage application unit 422
and the operations of the other control targets. When the
image forming operation of steps 109, 112, 115, and 117 1s
completed, the CPU 2135 ends the process of this flowchart
(step 118).

As described above, 1n the present embodiment, 1n a
high-density mode 1n which toner remains on the developing
roller after developing, the film thickness of the photosen-
sitive drum and the absolute moisture content of the ambient
environment are used as parameters that change the elec-
trostatic capacitance of the photosensitive drum. The devel-
oping contrast 1s determined to be larger as the moisture
content becomes larger so that the relation of [Q/SxAv|<|Cx
AV| 1s satisfied. In this way, even when the film thickness of
the photosensitive drum decreases at the end of life, a
change 1n the electrification charge amount of toner devel-
opable on the photosensitive drum can be suppressed. Fur-
thermore, by maintaining the residual toner on the develop-
ing roller after developing and suppressing an increase in the
difference between the electrification charge amounts of the
post-no toner and the post-black toner, worsening of the
development ghost can be suppressed.

In the present embodiment, although the film thickness of
the photosensitive drum and the absolute moisture content of
the ambient environment are used as the conditions that
change the electrostatic capacitance C of the photosensitive
drum, the values included in the conditions are not limited
thereto. Moreover, 1n the present embodiment, as illustrated
in Table 1, three film thicknesses are used as the conditions
of the film thickness of the photosensitive drum and two
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thresholds are used as the conditions of the absolute mois-
ture content. However, the numbers of film thicknesses and
thresholds used 1n the conditions are not limited thereto. The

conditions may be changed appropnately 1f a developing
contrast corresponding to the electrostatic capacitance C of

the photosensitive drum 1s determined so that the relation of
|Q/SxAVI>ICxAV] 1s satisfied.

Embodiment 2

Next, Embodiment 2 will be described. In the following
description, a difference from Embodiment 1 will be
described. The same components as those of Embodiment 1
will be denoted by the same reference numerals and the
illustration and detailed description thereof will be omatted.

FIG. 9 1s a schematic cross-sectional view illustrating an
image forming station which 1s a portion of an image
forming apparatus 700 according to the present embodi-
ment. In Embodiment 1, the developing rollers of the first,
second, third, and fourth image forming stations SY, SM,
SC, and SK for forming the images of the respective colors
of yellow (Y), magenta (M), cyan (C), and black (K) are
driven by independent motors. In the present embodiment,
the developing rollers 302Y, 302M, and 302C, the toner
supply rollers 304Y, 304M, and 304C, and the stirring
members 307Y, 307M, and 307C of the image forming
stations of the colors of yellow (Y), magenta (M), and cyan
(C) are driven by a common motor. In this way, 1t 1s possible
to commonize the driving control units of the image forming,
stations of the target colors 1n which a high density and an
extended gamut are required to reduce the size and the cost
of the main body.

Specifically, a motor driving unit 701 drives the photo-
sensitive drums 201Y, 201M, and 201C of the colors of
yellow (Y), magenta (M), and cyan (C). Moreover, a motor
driving unit 702 drives the developing rollers 302Y, 302M.,
302C, the toner supply rollers 304Y, 304M, and 304C, and
the stirring members 307Y, 307M, and 307C of the colors of
yellow (Y), magenta (M), and cyan (C). The motor dniving
units 701 and 702 are connected to the CPU 215, and driving
of the motor driving units 701 and 702 1s controlled by the
CPU 215.

In the present embodiment, since the 1mage forming
apparatus 700 has the above-described configuration, the
control of the motor driving units of the colors of yellow (Y),
magenta (M), and cyan (C) 1n which a high density and an
extended gamut are required 1s commonized. That 1s, when
an 1mage forming apparatus has a plurality of pairs of image
bearing members and developer bearing members, a driving,
unit can drive the respective developer bearing members
included 1n the plurality of pairs according to common
control. In this way, 1t 1s possible to reduce the number of
motor driving units disposed 1n the 1image forming apparatus
700 and to reduce the size of the 1image forming apparatus

700. Furthermore, it 1s possible to obtain a cost-down eflect
by decreasing the number of motor driving units.

OTHER

EMBODIMENTS

The above-described embodiments are exemplary
embodiments described to illustrate the present invention,
and the present invention can be implemented by appropri-
ately changing or combining the embodiments without
departing from the scope of the invention. For example, 1n
the above-described embodiments, although the moisture
content of the ambient environment 1n the image forming
apparatus 1s detected by the sensor 219, the temperature and
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the humidity of the ambient environment in the image
forming apparatus may be detected by the sensor 219. In this
case, a temperature of 15° C. and a humidity of 10% may be
used as a threshold instead of the first threshold of 1.5 [g/m’]
of the absolute moisture content 1n Table 1. Moreover, a

temperature of 30° C. and a humidity of 80% may be used
as a threshold instead of the second threshold of 24 [g/m’]
of the absolute moisture content. Moreover, the 1mage
forming apparatus determines the developing contrast to be
larger as the temperature and the humidity become higher. In
this manner, the control of the developing contrast according
to the electrostatic capacitance can be realized by the above-
described process even when the temperature and the
humidity in the apparatus are detected. Moreover, in the
above-described embodiments, instead of changing the set-
ting of the developing bias, the developing contrast may be
controlled by changing the laser intensity of a laser that
performs laser exposure and changing the setting of a
charging bias. Alternatively, the developing contrast may be
controlled by changing the setting the charging bias and the
laser intensity and changing the setting of the developing
bias 1n combination.

Embodiment(s) of the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable mstructions (e.g., one
or more programs) recorded on a storage medium (which
may also be referred to more fully as a ‘non-transitory
computer-readable storage medium’) to perform the func-
tions of one or more of the above-described embodiment(s)
and/or that includes one or more circuits (e.g., application
specific itegrated circuit (ASIC)) for performing the func-
tions of one or more of the above-described embodiment(s),
and by a method performed by the computer of the system
or apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium
to perform the functions of one or more of the above-
described embodiment(s) and/or controlling the one or more
circuits to perform the functions of one or more of the
above-described embodiment(s). The computer may com-
prise one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors to read
out and execute the computer executable instructions. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed comput-
ing systems, an optical disk (such as a compact disc (CD),
digital versatile disc (DVD), or Blu-ray Disc (BD)™), a
flash memory device, a memory card, and the like.

While the present invention has been described with
reference to exemplary embodiments, 1t 1s to be understood
that the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2018-172923, filed on Sep. 14, 2018, and,

Japanese Patent Application No. 2019-143084, filed on Aug.
2, 2019, which are hereby incorporated by reference herein
in their entirety.

What 1s claimed 1s:
1. An image forming apparatus comprising:
an 1mage bearing member;
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a developer bearing member configured to develop an
clectrostatic image formed on the 1image bearing mem-
ber using a developer;

a dnving unmit configured to drive to rotate the image
bearing member and the developer bearing member;

a latent 1image forming unit configured to form an elec-
trostatic 1mage on the image bearing member by form-
ing a light-part potential and a dark-part potential 1n the
image bearing member; and

an application unit configured to apply a developing
voltage to the developer bearing member,

a control unit configured to control a developing contrast
between the developing voltage and the light-part
potential of the 1image bearing member,

wherein the 1mage forming apparatus 1s configured to
transier a developer image borne on the 1mage bearing
member to a recording material to form an 1mage on the
recording materal,

wherein the driving unit 1s capable of driving the 1image
bearing member and the developer bearing member in
a first peripheral velocity ratio which 1s a ratio of a
peripheral velocity of the developer bearing member to
a peripheral velocity of the image bearing member and
in a second peripheral velocity ratio that 1s larger than
the first peripheral velocity ratio,

wherein an electrostatic capacitance of a portion of the
image bearing member 1s designated as C, the portion
1s supplied with the developer borne on the developer
bearing member,

a developing contrast 1s designated as AV, the developing
contrast being a potential difference between the light-
part potential and the developing voltage,

a charge amount per unit area of the developer borne on
the developer bearing member 1s designated as (Q/S,
and

the peripheral velocity ratio 1s designated as Av, the
peripheral velocity ratio being the ratio of the periph-
eral velocity of the developer bearing member to the
peripheral velocity of the image bearing member,

the first peripheral velocity ratio 1s set so that a relation of
|Q/SxAv|=|CxAV] 1s satisfied, and

the second peripheral velocity ratio 1s set so that a relation
of |Q/SxAvVI>CxAV]| 1s satistied,

wherein the 1image forming apparatus further comprises a
first detecting unit configured to detect a moisture
content of an ambient environment in the 1image form-
ing apparatus, and

wherein the control unit controls the developing contrast
to be larger as the detected moisture content becomes
larger when the driving umt drives the image bearing
member and the developer bearing member in the
second peripheral velocity ratio.

2. The mmage forming apparatus according to claim 1,

turther comprising a second detecting unit configured to
detect a temperature and a humidity of the ambient envi-
ronment 1n the 1mage forming apparatus, and

wherein the control unit controls the developing contrast
to be larger as the detected temperature and humidity
become higher when the driving unit drives the 1image
bearing member and the developer bearing member in
the second peripheral velocity ratio.

3. The mmage forming apparatus according to claim 1,

turther comprising an acquiring unit configured to acquire
information related to life of the image bearing member, and

wherein the control unit controls the developing contrast
to be smaller as the life of the image bearing member
indicated by the information acquired by the acquiring
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unit becomes shorter when the driving unit drives the
image bearing member and the developer bearing
member 1n the second peripheral velocity ratio.

4. The image forming apparatus according to claim 3,

wherein the information related to the life of the image
bearing member includes information related to a
period in which the image bearing member rotates, and

wherein the control unit controls to calculate a film
thickness of the image bearing member on the basis of
the mnformation related to a period 1n which the image
bearing member rotates acquired by the acquiring unit
and controls the developing contrast to be smaller as
the calculated film thickness becomes smaller when the
driving unit drives the image bearing member and the
developer bearing member 1n the second peripheral
velocity ratio.

5. The image forming apparatus according to claim 4,

wherein the information related to the period in which the
image bearing member rotates includes information
related to a first period in which the 1mage bearing
member rotates 1n a state of abutting on the developer
bearing member and 1information related to a second
period 1n which the image bearing member rotates in a
state of being separated from the developer bearing
member, and

wherein the control unit controls to calculate a film
thickness of the 1image bearing member on the basis of
the first period and the second period.

6. An 1mage forming apparatus comprising:

an 1mage bearing member;

a developer bearing member configured to develop an
clectrostatic image formed on the image bearing mem-
ber using a developer;

a driving unit configured to drive to rotate the image
bearing member and the developer bearing member;

a latent 1mage forming unit configured to form an elec-
trostatic 1mage on the image bearing member by form-
ing a light-part potential and a dark-part potential 1n the
image bearing member; and

an application unit configured to apply a developing
voltage to the developer bearing member,

a control unmit configured to control a developing contrast
between the developing voltage and the light-part
potential of the 1mage bearing member,

wherein the 1mage forming apparatus 1s configured to
transier a developer image borne on the 1image bearing
member to a recording material to form an 1mage on the
recording material,

wherein the driving unit 1s capable of driving the image
bearing member and the developer bearing member 1n
a first peripheral velocity ratio which 1s a ratio of a
peripheral velocity of the developer bearing member to
a peripheral velocity of the image bearing member and
in a second peripheral velocity ratio that 1s larger than
the first peripheral velocity ratio,

wherein an electrostatic capacitance of a portion of the
image bearing member 1s designated as C, the portion
1s supplied with the developer borne on the developer
bearing member,

a developing contrast 1s designated as AV, the developing
contrast being a potential difference between the light-
part potential and the developing voltage,

a charge amount per unit area of the developer borne on
the developer bearing member 1s designated as (Q/S,
and

the peripheral velocity ratio 1s designated as Av, the
peripheral velocity ratio being the ratio of the periph-
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eral velocity of the developer bearing member to the
peripheral velocity of the image bearing member,
the first peripheral velocity ratio 1s set so that a relation of

|Q/SxAv|=|CxAV] 1s satisfied, and

24

wherein the control unit controls the developing contrast
to be smaller as the life of the image bearing member
indicated by the information acquired by the acquiring
unit becomes shorter when the driving unit drives the

the s‘%eg;lsd ierlip}lgrai :ﬁlfwity }*aéiod 1s set so that a relation 5 image bearing member and the developer bearing

0 XAV[>[(CX 1S satishie - - : :
_ _ _ : _ member 1n the second peripheral velocity ratio.

wherein the s fqnnmg apparatus further COLIPHISES & 9. The image forming apparatus according to claim 8,
first detecting unit configured to detect a moisture herein the inf ; lated to the life of the ;
content of an ambient environment in the image form- wherein the information related to the life ol the image
ing apparatus, and " bearing member includes information related to a

wherein. when tjhe driving unit drives the image bearing period in which the image bearing member rotates, and
meml:;er and the developer bearing member in the wherein the control unit controls to calculate a film
second peripheral velocity ratio, the control unit con- tlﬁlclfnfess Oi_the 1n;a§ilt;earlng {Ilzn:lber E}lltll{[ibE}SIS of
trols so that a second developing contrast set when a v HUOHRAHOI TCIAICE 10 d prHloth 1 WIIELL LIS 1Azt
second moisture amount larger than a first moisture 15 bearing member rotates acquired by the acquiring unit

amount 1s detected 1s larger than a first developing
contrast set when the first moisture amount 1s detected.
7. The 1mage forming apparatus according to claim 6,

and controls the developing contrast to be smaller as
the calculated film thickness becomes smaller when the
driving unit drives the image bearing member and the
developer bearing member 1n the second peripheral

turther comprising a second detecting unit configured to
detect a temperature and a humidity of the ambient envi- 3g
ronment in the image forming apparatus, and
wherein, when the driving unit drives the 1image bearing
member and the developer bearing member in the
second peripheral velocity ratio, the control unit con-
trols so that a second developing contrast set when a 35
second temperature higher than a first temperature and
a second humidity higher than a first humidity 1is
detected 1s larger than a first developing contrast set
when the first temperature and the first humidity are
detected. 30
8. The image forming apparatus according to claim 6,
turther comprising an acquiring unit configured to acquire
information related to life of the image bearing member, and S I T

velocity ratio.

10. The image forming apparatus according to claim 9,

wherein the information related to the period 1n which the
image bearing member rotates includes information
related to a first period in which the image bearing
member rotates 1n a state of abutting on the developer
bearing member and information related to a second
period 1n which the image bearing member rotates in a
state of being separated from the developer bearing
member, and

wherein the control unit controls to calculate a film
thickness of the image bearing member on the basis of
the first period and the second period.
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